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ABSTRACT: Radon (222Rn) and associated human risk assessment in groundwater from 
quaternary shallow aquifers of Sankarabarani River sub basin, Southern India has been 
attempted by considering 41 groundwater samples and analysed for 222Rn using 
scintillation Radon monitoring system. The Radon ranges between 0.140±0.01 Bq l-1 to 
7.869±0.33 Bq l-1 with an average of 1.797±0.12Bq l-1 and found to be within the 
maximum contamination level of Environmental Protection Agency (11.1 Bq l-1). The doses 
of ingestion and inhalation calculated for radon varies between 0.709 µSv y-1 to 39.933µSv 
y-1 with an average of 9.121µSv y-1which is within the prescribed dose limit of 100µSv y-1 
by World Health Organisation. Uranium speciation attempted suggests saturated Haiweeite 
and Soddyite as sources for uranium/radon into the aquifer systems. The Eh-pH diagram 
suggests uraninite solubility within the pH ranges 6 to 8 within the groundwater 
environment. 
 
Keywords: Ground water, sankarabarani river, Radon, ingestion and inhalation, uranium 
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1. Introduction  
Humans are exposed to ionizing radiation occurring 
naturally in soil, water air and food and the most significant 
is the radio nuclides present in water that gets easily 
absorbed in comparison with food [1]. Groundwater in 
comparison with surface water is exposed to privileged 
radioactivity due to its interaction with aquifer materials that 
host minerals enriched with radioactive substances [2, 3]. 
Major radioactive elements hosted in aquifers are not limited 
to uranium, thorium and actinium, of which the uranium 
series are hazardous to health due to its existence in water as 
Radium (226Ra)  and radon (222Rn) [4]. At ambient 
temperature and pressure radon is a noble gas which can be 
separated from its parent 226Ra.  Radium-226 decays to 
Radon (half-life = 3.82 days) by alpha particle emission with 
4.78MeV energy and with recoil energy of 86 KeV [5] that 
emanates from the mineral grain surfaces and enters the 
aquifers. Radon in groundwater is generally higher due to 
rock weathering, restricted air borne dissolution and inflow 
from catchments with higher radon [6, 7], in view of surface 
water, lack of radon in precipitation and due to immediate 
diffusion to atmosphere its concentration is generally lower. 
The solubility of radon in water is lower with a partitioning 
coefficient of 0.23 - 0.25 at 293 K. Irrespective of its lower 
solubility its activity in water is higher in comparison with 
other natural radionuclide [3]. Due to non-reactive nature of 
radon, the only loss from water column is by decay and 
atmospheric evasion [8]. 
Radon in groundwater seems to be influenced by 
climate, soil type and permeability, aquifer lithology and 
terrain [9]. Radon migrations in aquifer are mainly due to 
emanation and diffusion from sedimentary mineral grains 
containing uranium and radium [10] and its subsequent 
movement along the groundwater flow path.  A strong 
disequilibrium exists between the source rocks and radon 
mobilisation due to geochemical condition that releases 
radon into waters. Aquifers with higher uranium might 
contain lower radon and vice versa which emphasis that 
radon in groundwater is controlled by low parental 
concentrations, porosity, stability of mineral structure and its 
crystallinity [11]. 
 Radon by emission of alpha particle produce solid 
state daughter product called as radon progeny. Radon and 
its progeny are considered as health hazard when inhaled 
leading to lung cancer and ingestion leading to gastro-
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enteric cancers [12]. The [13] has estimated that 89% and 
11% of cancer risks are mainly due to inhalation and 
ingestion of radon present in the environment. The 
maximum contamination level (MCL) of radon in drinking 
water has been suggested by united states environmental 
protection agency [14] as 148 Bq/L, World Health 
Organisation [15] as 100 Bq/L and European Union [12] as 
<100 Bq/L and for India there is no reference level for 
radon in drinking water [16]. 
 The aim of the present study is to evaluate the doses 
to population resulting from ingestion and inhalation of 
radon from groundwater in relation to health risk 
assessments. Investigation of radon distribution in 
groundwater in relation to different lithological and 
hydrological scenarios was also attempted. To our knowledge 
the present study is first of its kind in the coastal sedimentary 
environmental using radon as tracer to investigate health 
issues and geochemical signatures. 
2. Study Area 
 The study area is Sankarabarani river basin located 
between latitudes 11°50’ N to 12°05’ N and longitudes 
79°30’ E to 79°50’ E longitudes with a total spatial coverage 
of 506 Sq.Km that flows in the Villupuram district and 
Pondicherry union territory of Southern India (Fig.1). 
The river originates at the western slopes of Gingee Hill 
in Villuppuram District, Tamilnadu, India and finally 
configures Bay of Bengal at Pondicherry. The area 
experiences humid to tropical climatic condition with annual 
temperature ranges between 22°C to 33°C with relative 
humidity observed between 70% and 80%. The annual 
rainfall is about 1272 mm with maximum showers during 
northeast monsoon (October- December). The average 
elevation of the study area is of 15 m AMSL with gradual 
decrease towards the sea [17]. 
 The geology of the study area can be divided into a 
series of north south trending belts (Fig.1) with majority of 
the area occupied by porous sedimentary formations 
representing Cretaceous to Recent. A small portion 
encompassed by fissured and fractured crystalline 
formations representing Archaean with litho units 
Charnockites and biotite hornblende gneiss that characterize 
the basement of Mesozoic and tertiary sediments are noted 
along the north western parts of the study area. 
Groundwater occurs under phreatic conditions in weathered 
and in semi-confined condition in fissured and fractured 
formations with yield ranging between 6 to 30 m3/hour 
[18]. The cretaceous are classified into four formations viz. 
Ramanathapuram formation (RF), vanur sandstone (VS), 
ottai claystone (OC) and thuruvai limestones (TL). RF and VS 
are essentially composed of sands and calcareous sandstones 
that are coarse grained, with veins of aragonite and thin 
intercalation of grey shales. The water occurs under confined 
condition with yield ranging between 48 to 90 m3/day. The 
OC is essentially composed of black to greenish grey clay 
stone with bands of limestone, silts and siltstones. The TL 
consists of fossiliferous limestone with bands of sandstones. 
Groundwater is found mainly in bands with yield ranging 
between 60.9 to 132.6 m3/day. The paleocene is represented 
by kadaperikuppam (KK) and manaveli (MV) formations and 
the upper tertiary is represented by cuddalore (CU) 
formation isolated as small patches along northern parts of 
the study area trending North East-South West. The KK 
encompasses litho units predominantly of calcareous 
sandstone, lenses of clay and shale with limestone bands. The 
MV contains litho units marked by sandy clay, shale and 
bands of limestone. The CU comprises coarse grained 
sandstones with minor clays, lignite and petrified wood. The 
yields from the well ranges between 12 to 180 m3/day.  
Recent alluvium (Quaternary formation) the major exposure 
of the study area is essentially made up of gravel, sand, silt, 
clay and kankar. It forms the potential aquifers of the study 
area with thickness ranging between 5.0 to 34 m. The 
groundwater occurs under water table or semi-confined 
conditions with yield ranging between 0.6 to 147.6 m3/day 
[18].  
Various investigations globally have reported the 
radon levels in groundwater from aquifers. [19] has 
quantified the dissolved radon in aquifers of Algeria and 
Tunisia and found to be in radio equilibrium with rocks 
uranium content. Analysis of radon in different aquifers of 
Karnataka, India has been attempted by [20] and reported 
radon ranges between 0.37 ± 0.05 Bq/l to 87.02 ± 2.11 
Bq/l influenced by seasonal variations. [21] Studied about 
the radon emanation in Poland groundwater and isolated 
emanation coefficient influenced by rock tectonics. A study 
attempted by [22] in Chitradurga, Karnataka state, India to 
quantify radon in groundwater with respect to litho units 
and dose exposure suggests radon activity ranging between 0 
to 186.6 Bq/L and 0 to 150.6 Bq/L during pre- and post-
monsoon seasons and found to be exceeding the EPA’s 
maximum contamination limit. [16] measured radon in 
drinking water samples from Haryana, India and observed 
radon ranging between 1.3 ± 0.4 and 13.4 ± 2.2 Bq l-1 and 
isolated locations with exceeded radon as recommended by 
USEPA. Radium and radon activities were assessed in 
southern Californian groundwater by [23] and suggested 
that distribution of Rn and Ra in groundwater influenced by 
cation exchange capacity of the aquifer materials. [24] 
attempted for radium and radon occurrence in groundwater 
from crystalline bed rocks from North Carolina, USA 
suggests U and Th in rocks control the occurrence along 
with secondary influence due to dissolved solids and redox 
conditions. Similar studies were attempted by  [25]. 
3. Sampling and experimental Methods 
 Groundwater sampling for the radio isotopes have been 
attempted in bore wells and hand pumps mainly utilised for 
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Fig 1. Location, Geology and sampling points of the study area 
 Five bore wells were sampled from Charnockite 
formations, two from cuddalore formations, two from 
kadaperikuppam, two from ootai limestone and forty 
samples from alluvial formations. Restricted samples 
confined to other formations except Alluvium due to non-
availability of wells (Fig.1). The depths of hand pump 
sampled were +50 Ft and bore wells exceeded +150 Ft 
Below Ground Level (BGL).  Groundwater samples were 
collected in pre 15% HNO3 and double distilled water 
washed samples bottles after purging water for about 10 to 
15 minutes from the sampling wells.  Groundwater samples 
were completely filled up to the zero without any air bubbles 
to prevent radon out gassing. The samples were immediately 
brought to the hydrogeology laboratory, Department of Earth 
Sciences, Pondicherry University within minimal less of time 
and analysed for radon. Radon in groundwater samples were 
measured by bubbling radon gas into ZnS (Ag) scintillator 
(Lucas cell) which detects and counts the photons generated 
due to the interaction of alpha particles resulting from radon 
decay inside the Lucas cell. The equipment used was the 
scintillation counter supplied by Polletec Instruments Pvt. 
Ltd., Mumbai that has been prior calibrated at Bhaba Atomic 
Research Centre, Mumbai, India with minimum detection 
limit of 0.05 Bq l-1. The physical parameters like pH, Eh, 
conductivity, Salinity, DO and TDS were measured in the 
field by using portable field kit (multi probe meter) ; Calcium 
(Ca2+) and magnesium (Mg2+) were determined 
titrimetrically using standard EDTA ; Sodium (Na+) and 
Potassium (K+) were analysed by flame photometer 
(Systronics mk-III)[26].  
 About 70 ml of water is taken to the radon bubbler 
by vacuum transfer techniques. The radon gas dissolved in 
groundwater is acquired in pre evacuated ZnS(Ag) 
scintillation cell. Lucas scintillation cell is used for the 
estimation of radon [27] which was initially invented by [28] 
and modified by [29] and [4]. Lucas cell is a cylindrical 
container of 150cc volume built-in with a Swagelok [quick] 
connector on one side for evacuation and sampling, and a 
glass window on the other side for counting activities of 
222Rn. The wall of the cell is coated with Ag activated ZnS, 
which produces scintillation when alpha radiation emitted 
by radon and allied products. To attain equilibrium with 
daughters the scintillation cell is kept for 180 min without 
disturbance. These scintillations pass through the glass 
window and fall on the photocathode of a photomultiplier 
when couwepled to photomultiplier assembly. The cell can 
be used for repeated sampling by flushing it. The radon 
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activity in groundwater calculated from the count by using 
the equation suggested by [30]. 
222Rn (Bq L-1) = 
6.97 × 10−2 × 𝐷
𝑉 × 𝐸 × (1−𝑒−𝜆𝑡) ×  𝑒−𝜆𝑇
                          (1) 
 where, D signifies the background count, λ being 
the radon decay constant noted as (2.098×10-6 s-1), E being 
the scintillation efficiency (74%), V being the water volume, 
T is the delay in counting after radon sampling and t being 
the duration for counting. 
4. Measurement of dose 
 The sources of radon exposure to humans are 
mainly due to ingestion and inhalation. Ingestion dose 
depends upon the water consumed by humans per day. The 
annual effective dose for ingestion due to the radon in water 
was calculated by using the parameters suggested by [31]. 
DIg(µSv y-1) = ARnW × CW × EDC   (2) 
 Where, DIg is the effective ingestion dosage, CW is 
the water consumption weightage estimate by adult, children 
and babies as 730, 330 and 230 l y-1 respectively [32], ARnW 
is the radon presence in water (BqL-1 or kBqm-3) and EDC is 
the coefficient of effective dose for ingestion (3.5 nSv.Bq-1). 
 The radon present in the water can escape via 
indoor air during bath and other household utilities. Radon 
and its progeny when inhaled get trapped in lungs due to 
ionizing radiation gets penetrated in mucus membrane cells, 
bronchi and other pulmonary tissues causing lung cancer. 
The inhalation dose has been calculated by using the formula 
[31]. 
Din (µSv y-1) = ARnW × CaW × F × I × DCF  (3) 
where, DIn is the inhalation effective dose, CaW is 
ratio of air radon and water radon (10-4), ARnW is the water 
radon concentration (BqL-1 or kBq m-3), I is the average 
residence time per individual (7000 h y-1), F being the radon 
and its progeny equilibrium factor (0.4) and DCF is the 
radon exposure dose conversion factor [9 nSv (Bqh m-3)-1]. 
The inhalation effective dose is expressed as micro sievert 
(μSv).  The inhalation and ingestion to stomach and lung 
respectively were calculated by considering the tissue 
weighting factor for stomach (0.1196) and lung (0.1199) to 
the corresponding dose [33]. 
5. Results and Discussion 
 The statistical 222Rn concentration is represented as 
box plot (Fig.2). Due to lesser samples in formations like 
cuddalore, kadaperikuppam and ootai limestone they were 
collective represented as Sandstone samples. The radon 
concentration in alluvium formation ranges between 
0.13±0.01 BqL-1 to 7.86±0.33 BqL-1 with an average of 
1.87±0.12 BqL-1. In sandstone aquifer radon ranges between 
1.51±0.23 BqL-1 to 2.85±0.02 BqL-1 with an average of 
2.16±0.06 BqL-1 and in Charnockite between 0.60±0.06 
BqL-1 to 1.54±0.12 BqL-1 with an average of 0.96±0.09 BqL-
1. The abundance of Rn varied significantly with reference to 
different litho units. Higher Radon observed in alluvium 
aquifer (7.86 BqL-1) followed by sandstone (2.85 BqL-1) 
and charnockite (1.54 BqL-1). Lower Rn in Charnockite 
might be due to the lower U observed in high pressure 
Archean Chanrockites [34] and factors like temperature and 
salinity that decrease radon solubility [35]. Increasing Rn 
along groundwater flow path with decreasing grain size in 
alluvium might be the reason for higher radon [35] and 
intermediate radon in sandstone might be due to long 
residence time and increasing temperature due to deeper 
aquifer condition [16]. The spatial variations attempted for 
222Rn in the study area demarcates higher 222Rn in 
groundwater confined to locations like kurumpet and 
poyyapakkam noted along eastern and western parts of the 
study area and lower values were confined to a total of 14 
locations (Fig.3). From the 14 a total of 3 samples 
(Aavadiyarpattu, Reddikuppam and Vidur) represent 
charnockite terrain along north-western parts of the study 
area and rest of the samples represents alluvium formations. 
From the plot it is highly identical that 222Rn release to the 
groundwater seems to be influenced by geological 
subsurface, radio nuclides dissolved in water and aquifer 
conditions. Excess radon in potable water raises serious 
health issues for which health and environmental protection 
agencies have recommended safe limits for human 
consumption. Safe limit of radon in drinking water for 
human consumption has been recommended by various 
environmental and health agencies. The United States 
Environmental Protection Agency [14] recommends 11.0 Bq 
L-1 as safe limit, United Nations Scientific Committee on the 
Effects of Atomic Radiation [31] suggests 4-40 Ba L-1 as 
harmless, European Commission [12] and World Health 
Organisation [36] recommends 100 Bq L-1 as safe. The radon 
levels in groundwater samples irrespective of aquifers were 
well within the safe limits prescribed by various agencies 
might be due to absence of radon emanating minerals in the 
litho units of the aquifers and or aeration loss [37]. 
Annual effective dose of ingestion were calculated 
for babies, children and adults (Table 1) and the results 
ranges between 0.739 µSv y-1 to 41.625 µSv y-1with an 
average of 9.507 µSv y-1 for babies, 0.272µSv y-1to 15.32µSv 
y-1with an average of 3.499µSv y-1for children and 0.357 
µSv y-1to 20.104µSv y-1with an average of 4.592 µSv y-1for 
adult. Dose contribution from ingestion to lung ranges from 
0.004 µSv y-1to 0.198 µSv y-1 with an average of 0.0451 µSv 
y-1. The global average dose of radon ingestion is 0.025 m Sv 
y-1 [31] on comparison it was found that all the samples 
were within the limit. 
Annual effective dose for inhalation calculated 
ranges between 0.352µSv y-1 to 19.829µSv y-1with a mean of 
4.529µSv y-1 and dose contribution from the inhalation to  
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Fig 2. Statistical plot for Radon in study area in view of varying litho units. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Spatial plot for Radon from the study area 
stomach ranges between 0.042µSv y-1 to 2.377µSv y-1with 
averages of 0.543µSv y-1. All the samples irrespective of litho 
units were lower in comparison with global average 
inhalation does of 0.002 mSv y-1[36]. The total dose 
calculated for adult ranges between 0.709 µSv y-1 to 39.933 
µSv y-1 with an average of 9.121µSv y-1 which is found to be 
below the prescribed limit (1mSvy-1) of [36]. 
 Majority of water quality parameters represents 
minimal differences between the aquifer systems (Table 2). 
The mean EC values were 2149.5, 1530.0 and 2072.8, pH as 
7.16, 6.97 and 7.33, salinity as 1254.69, 980.75 and 
1185.71, TDS as 746.88, 817.63 and 889.00, Eh as  -18.25, 
-18.03 and -25.00, DO as 4.71, 75.98 and 4.59, TH as 
613.98, 734.52 and 669.38, U as 0.0020, 0.4537 and 
0.0054 and Rn as 2.00, 3.11 and 0.96 for alluvium, 
Sandstone and charnockite aquifer respectively. Maximum 
variation varied with reference to litho units might be due to 
the variations in sum of samples collected.  Average water 
quality parameters were higher in alluvium formations in 
comparison with other formations except DO higher in 
sandstone formations might be due to large differences in 
aquifer mineralogy, depth, porosity of the formations, 
hydrological settings and significant variations in pumping 
rates [38-41]. 
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Table1. Statistical Distribution of Radon concentration and corresponding doses 
 Rn Conc. 
(BqL-1) 
D(ig) for 
Babies 
µSvy-1 
D(ig) for 
children 
µSvy-1 
D(ig) for 
Adult 
µSvy-1 
D(Stomach) 
µSvy-1 
D(in) 
µSvy-1 
D(Lung) 
µSvy-1 
Total Dose 
µSvy-1 
Minimum 0.140±0.01 0.739 0.272 0.357 0.004 0.352 0.042 0.709 
Maximum 7.869±0.33 41.625 15.320 20.104 0.198 19.829 2.377 39.933 
Average 1.797±0.12 9.507 3.499 4.592 0.045 4.529 0.543 9.121 
 
Table - 2 Statistical values of physicochemical parameters ( EC-Electrical Conductivity (µs/cm), TDS-Total Dissolved Solids 
(mg/l), SAL-Salinity (mg/l), Eh- Redox, DO-Dissolved Oxygen (mg/l), TH-Total hardness (mg/l), U-Uranium (mg/l), Rn-
Radon (Bq/l). 
Alluvium 
 
pH EC TDS   SAL  Eh  DO  TH U Rn 
Max 7.74 9860.00 1200.00 5670.00 18.00 7.90 1205.81 0.0040 7.87 
Min 6.53 349.00 204.00 200.00 -50.00 2.20 106.67 0.0010 0.14 
Avg 7.16 2149.59 746.88 1254.69 -18.25 4.71 613.98 0.0020 2.00 
Sandstone 
Max 7.5 2460.00 1175.00 1440.00 5.40 290.00 1113.76 1.8079 6.09 
Min 6.09 290.00 290.00 498.00 -40.00 4.40 203.91 0.0020 1.51 
Avg 6.97 1530.00 817.63 980.75 -18.03 75.98 734.52 0.4537 3.11 
Charnockite 
Max 7.45 2970.00 960.00 1700.00 -17.00 4.80 821.02 0.0060 1.54 
Min 7.21 1350.00 790.00 770.00 -32.00 4.30 566.29 0.0040 0.60 
Avg 7.33 2072.86 889.00 1185.71 -25.00 4.59 669.38 0.0054 0.96 
5. Saturation index 
 The saturation index is a measure of particular 
mineral system’s tendency to precipitate or dissolve in the 
groundwater. PHREEQC geochemical code suggested by [42] 
has been attempted for the present study to isolate the 
uranium solubility and its interactions within the aquifers 
systems of the study area. The saturation index (SI) of 
groundwater samples expressed in view of its mineral 
precipitation is expressed as: 
                SI = log (IAP/Ksp)                                           (4) 
 The IAP represents the ion activity of the solution; 
Ksp indicates the equilibrium constant of the reaction in 
view of temperature (T) [43]. The solubility of chemical 
species is attempted by calculating the SI of the minerals that 
could either precipitate or dissolved in the aquifer system 
due to varying ionic activities of the chemical species. If the 
water is in equilibrium with the dissolved mineral, SI will 
tend to be zero, positive values indicate saturation and 
negative indicate under saturation [44]. Uranium in 
groundwater is influenced by oxidation and decay of 
uranium in groundwater. Uranium strongly bonds with 
oxygen in water and forms soluble oxyions. In highly acidic 
to reducing environment uranous cation (U4+) is formed 
which generally forms hydroxide complexes (e.g., UOH3+, 
U(OH)4) and under highly oxidising environment U6+ occurs 
as Uranyl ion (UO2+). Due to the soluble complex formation 
of uranim, U6 is more mobile in groundwater environment 
in comparison with other uranium valancies [45]. 
A total of 8 uranium mineral species were isolated from the 
saturation index calculation of mineral phases such as 
coffinite (USiO4), Haiweeite (Ca(UO2)2(Si2O5)3:5H2O), 
Rutherfordine (UO2CO3), Schoepite (UO2(OH)2:H2O), 
Sklodowskite Mg(H3O)2(UO2)2 (SiO4)2:4H2O),Soddyite 
UO2)2SiO4:2H2O),  Uraninite (UO2) and Uranophane  
(Ca(UO2)2(SiO3OH)2·5H2O) (Table 3 & Fig. 4). 
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Fig.4 Abundance of Uranium mineral species with reference to samples
All the minerals species except Haiweeite and Soddyite are 
found to be undersaturated indicating dissolving phase. 
Locations like Kurumpet (0.15), Nilangadu (0.22), 
Kappiyapuliur (1.43) and Avadiyarpattu (0.36) has positive 
SI values which means nearly precipitation. All other species 
shows dissolution (negative SI). 
6. Uranium species in Eh-pH condition 
 The Eh-pH diagram is generally used to isolate the 
mineral stability field that controls the geochemistry of 
groundwater. The solubility of uranium in groundwater 
system is influenced by factors like: redox potential (Eh), 
hydrogen ion concentration (pH) and dissolved carbonate 
[46]. The existence of uranium in groundwater system is 
predominately as III, IV, V and VI oxidation states. But in 
natural environmental conditions the IV and VI oxidation 
states are more stable when compared with III and V that are 
transitory. The difference in oxidation states between VI and 
IV determines the occurrence of uranium in the aqueous. 
solution, whether to be sorbed, mobilized, precipitated or 
immobilized[47]. 
The solubility of uraninite varies with degree of 
oxidation and changes in redox conditions. Under lower Eh 
uraninite is stable between pH ranges 2 and 8 and above pH 
5, U (VI) Occurs as aquocomplexes in natural waters [48, 
49]. The Eh-pH diagram (Fig.5) attempted for the present 
study depicts acidic to alkaline pH of samples indicating 
oxidizing environment that increases the solubility of 
uranium  favouring formation of soluble complexes [50]. 
This positive environment infers groundwater soluble in 
U4O9 (cr) (Uraninite) species. 
 
Table 3. Saturation index of Uranium mineral species from the study area 
 Coffinite Haiweeite Rutherfordine Schoepite Sklodowskite Soddyite Uraninite Uranophane 
Min -9.46 -4.93 -5.71 -4.52 -9.13 -3.44 -8.67 -10.55 
Max -5.18 1.43 -3.39 -2.9 -5.25 -0.09 -4.44 -8.64 
Avg  -7.71 -1.51 -4.81 -3.59 -7.17 -1.66 -7.19 -9.96 
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Fig 5. Eh-pH diagram for groundwater samples from the study area 
 
7. Conclusions 
1. This study investigated, Radon (222Rn) present in the 
ground water in Sankarabarani river sub basin has 
found below the maximum contamination level of 11.1 
BqL-1 by EPA’s. It is found that extra risk of getting 
cancer from this exposure comes out to be nearly 2 in 
100000 which can be designated as minimal risk. 
2. The variation in radon irrespective of litho units might 
be due to variation of lithology, uranium content, 
aquifer depth, hydrogeological and aquifer properties.  
3. Annual effective dose due to the ingestion and inhalation 
were lower than recommended limit for the public of 
100 µSvy-1 prescribed by the UNSCEAR and WHO.  
4. Isolating radon sources to the groundwater enrivonment 
attempted using uranium speciation suggests all 
uranium species undersaturated except Haiweeite and 
Soddyite showing nearly saturated suggesting possible 
sources for uranium/radon to the groundwater 
environment.    
5. The Eh-pH diagram infers groundwater is soluble with 
respect to U4O9 species (uraninite) within the pH range 
of 6 to 8 
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